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{z. mm^zMLxy ^)VM.m-^mLm\>zx ottw^. 
fiii^mm^Lx\^t, 

[0070] ^ixt J: 0 . m^mzi. mmmkL 
tz^{z\i , ^ ffiwm fc 1 1 {z-^w&mt^m^ti 

ICA 0 at^ J: ^ ; 1 1 J: o T?SSco«s«SrliJp 

h iz-^m'\tmmmmiz^m-t^z t^zx -^xmrnco 

c7)im^itmu-tmm^:y€'^mi'^zmz^x\^6 . 

±Mi^m^. m^cr,m.^<nm^mzm&ix^^ 
6CDX. y€^m^<^±m.-itm±-tiztmmx-h 

[ 0 0 7 1 ] ^rfc. ±Msm<^T^mz^mmmi,i^ 

:.tit,mL<r>mcr>m.^^h^m^z\m^^hii 



9 

[0 0 7 2] tfz. JgMt, »«ttX(±*litt^*-r-S 

com fc imm $ti.mi<^mb m^mmif ^ titz 

[00 73] ^LT, ±iecOJ;^^jK^*i^JfflV^-C7K 
[0074] 

[wmmmmm] (.mimmm) mta, *^ 

1 5 tixx/m 1 6 i: i5i^?^^# Lxmimziti t „ ^ 

/c. m+iOAgpir, 112/!)^^>ia4t3i^-r„ 

[00 7 5] *3i)!imffiT-ii. ifeftii 104. m^^^ 

1 0 5 io J;y"±* A- 1 0 6 tcJ: OSSsA^m^^, ^ 
i0^tlrtCffM$#i/dMrtWi, ^1 comi 2 1 i 
m 2 C7)?m 1 2 2 t ; =0: < #H 1 2 4 

[0076] (llg|5) 1 0 5c7)±g|5(ci5(tl.^ 

mdh!}'-^j:< b 1 yBft(±. SSff**l 0 5 CO** 

V-"^, >! corral 1 5 2{±. 0 5cr)±MiZX^\- 

1 0 5 b t ^ixJ; •? t-®T*i^^crtSa5^ 1 0 

^$i±y^>lJ^ 15 0, 151 ±ie^ 
MSP^ 1 0 5 ac7)_h«t_h*A- 1 0 6cOTffifc«rBT 

[00 7 7] ttz. ^^*f2|:l 0 5i:±*A--l 0 6 

i^mmj^timm<^m) bcomui. 2fxcouy 
rmzmm^fifz^±7 ^ ( 7 ^ )\^M.'m^m^^> 
M) 150, 15 itmhxim^tix^^^, 
[ 0 0 7 8 ] ^fc , :^mtmmvii. 2ikco$i±7 ^ )v 

h.^n\^X\^hti^ . lt*c0jji:7'f;UA2-^*#:l 0 
5i:±?:?^<-l 0 6i;tll^-fl.J:otLTi,J:5<, ffl 
t , *IIW^«cO J; ^ 2 |jccOl*± ^fz^ 

tmiLxmzi5\^xmxx 

[0079] Sif±7-f;UAl 50, 1 5 1 (i. j3^1;iJf* 
[0 0 8 0] S*±7-f;UAl 5 0COo*.^rai 5 2tC^f 



#M2002- 1 62506 
1 0 

1 0 b(r>^mm 1 0 5 bio±a{c. ^ /irtM 

§15^*^^^** 1 0 5 iO^MgP^ 1 0 5 acOiSffit-?- 

7^;^Al 5 0(i, MMfcSrai 5 2i;^ffi5{c^WL 

[008 1 ] ;cOJtJ6, 5 2r*ltmicO 

ffi* 1 2 1 0 , ^ra 1 5 2t^h'^%mm 

[0 082] tTt, f^±7^';Ui. 1 5 lt±. ±717^-1 

0 6c7)WlW^HcJS«^ti: DISl5c$irCV^.g>, 
[0083]$ WJ}i:7 -f 1 5 0 , 1 5 1 (i 

«?^^^T-ft^t$<lTt<^l.. fzfi\^. ttih7-f;UAl 
5 0 (-iottl-Sra 1 5 2 ^*f± LTV^S@Bfft-5(,^T 
^cOi'hSigB 1 5 0 a A>m7 1 5 1 <^^mn 

1 5 1 at|S^«^T-*<l:$ilTV^I>, .ItLtiOS 

1 0 5 t ±7:7 A- 1 0 6 t cOffl^^i^-frSlBlf^JS 

[0 084] ^^C. El2*^^>la4^fflUT^^i:7^;^A 
1 5 Ofcit/S^l 5 2tJ;|,Jg«M«W^t'5V^Tii 

[0085] 112 (-^t J; 0 tC. SaB$-C(±^^*ft 1 

0 5 t^lSl5g$tL/c$^jl-.7 1 5 Oii, fiS^rtcO^E 
tioTSrai 5 2c7)p^iH>:^-t' M::7vOii^T■■Vi|>„ 

[0 086] [I3t^^-ti-3tc. 3t^*^2 0 1 cri^H 

^S^i^as*>'±# Lxm i <nmk. i 2 1 \^-rz%^ 
tJi. -?-iO#«JiSD^/i(t. W±7^;Ui.l 5 0**^0 

1 5 2c0rtilt$^,tMtf^fcT. llffM^?gSl*IiO$ 

[ 0 0 8 7 ] -^r, H4 t^-r J: ^ %^mT2 0 1 

cOj^HiiiiiaS^STI^ LT^ 1 cO?m 1 2 1 ASfilRiffiL 
^coftaiiS^^^Vift. ^^±7 ^ 1 5 0 
A^^raTl 5 2fBl|*^<^Mail:iliti;tT\ SMW^-iS^ 

[0088] L5t*^oT, m 1 1 2 1 ^O.W^ • 
^iRSI t J: ^ m 2 C7)?^#: 1 2 2 i C7).^ffi 1 2 4 crijf^^^ 
^ ffiih 1 1. i t ^^'^t^ fc ^: D , A"-? - cOSEik t fife 

[oo89];coj;5 t*iittjf^®cj;ti}4\ mmm 

l&X. Lt-h^m^20l mz. ^WVm 

^•fhzbt£<. ^m.^mz{f 0 w. 1 <nm~ 1 2 1 co* 

[ 0 0 9 0 ] ^rfc, ^mmV\t. Xl^^? ho^^x -y 

X < ymmnm Lfz^^=f-t,z-r>\^xmm LtztK 
iiF-mmm.^zxwmLfzi§.m^mmt. 1 1 1 
m^mmmmzm-Lxm^^tih%^m^{zm 
m-thzbifix^h. 
50 [009 1] (m2mmm) a 5 wi, *i&Bj£7)|g2 



(6) 



10 



20 



30 



1 1 

^W:m&^^.Lx^^^. tea. :mmm^zi3^^ 
[0092] ^nMjgfflw*^^-? 2 5 oxu. mmm 

10 4, 105, U y^lB^<r>±M^ 1 6 0 

^^±^A- 1 0 6 i^O^St^lt 
ffM^^l^cMM^tti, mi 2 1 tm2^0M* 

1 2 2 J: *^"i:v ■^{zm.^-l, ^ J: ^ < ^ffi 1 2 4 ^ffM Lt 

[00 93] ±Sfff(MS|5) 1 6 0tCfc(tl>§li**l 

t C> 1 -rmzii. ±^A- 1 0 ecO^'hMlSBffit t 
Hi 52- ^ffM-n-fflSBl 6 0a*5je)S$ilTO^„ 
1 5 2 ' {i±^ 1 6 0 cO**itJS^:SiIrt(cJRt 

1,17 1 §§l*»l 0 5co±ffist 

[ 0 0 9 4 ] t^.', 1 0 5^0_hfflffifc±^||l 

6 0i3i:y±;*y<-l Q)b(^Tmt<^^^z\i. 2}Xm 
y^i^m^y ^ ( 7 ^ 7i.A±copi»sW) i 7 

0, 1 7 l*iiSa$ilTV^I>„ ^il^>Sti:7^;UAl 7 

0 , 1 7 1 1 LT(i, m 1 mmmm(7)ii±7 nvi^xb 

0, 1 5 1 t|5l«c7)SlWtcJ; DffM^iiTV^I.. 
[00 95] ^^i:7^■;^Al 7 0{i, cOSt±7 ^ 
1 7 0 <7)Kffif|IJ 1 7 0 a tfc V ^S** 1 0 5 CO±ffi 

[00 96] -^r, »±7'f;l'Al 7 li7)-5t.^PHll 5 
1' \zn^\^X\^t£\^m-\t. ^i0^ffl*^±^l 6 0 
iOTfflfc<J:t/'±^^<- 1 0 6iOTEC»«^fc<J: D 
^ilTV^I). *7t, Sih7'f;l/Al 7 l<7)-5*>Sra11 5 
2' t:«[6]L^cgP^{i, -?-£7)I^i5Sl5 1 7 1 a*^'±^yN'- 
1 0 e^OTfflcO^'hmi 0 6 at««^tj: DHS^tl 

[0097] $ 1 7 0 , 1 7 1 (i 

7 1 <7) 3 *>^Pb11 5 2 ' tj^l^]LTl^-&g|5^Hc-9V^T 
(i, 1 7 1 b*iJtih7 ^•yl/A 1 7 O^Oj'hi^glS 

1 7 1 h[z^m^x-mY.^fix\^h , >intj; 0, 

Kih7 1 7 0 , 1 7 1 15 2' t 

>fJLtttW-i>it*^'T-^l.tfci;t, 0 5t 

1 6 0 tc0ffl;^^^5-tt®FjTtfcl.^T?SM^«^^^^ 
W.z¥i^-tl,ZhtfiX^h. 

[0 0 98] ^Tfc, ±«^1 6 0iOTffit*3(tl>rai 
6 0 3.ifimm:tltM%\Z\t. ^(rm^ l 6 O a.-h-io^\ 

^^1 6 0ttJit7-f;UAl 7 1 tJiS^^ilTV^^ 
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1 2 

^ICT)^^^), ^^i:7 i)Vh.\l l{i±^tll 6 0tCff^ 
jS:$il!tElg|51 60a (o^Dti, ^PaTl5 2' ) \,zn 
LX i Afc3!|i1^»1--g. ^ . 
[0099] JXt. ll6*^^>H8 5-MV^-rW±7>f7l/A 

1 7 lfcJ:i;''^rai 5 2 ' tJ:l,?aSMli™=o»,^T 

[0100] 116 tvKt-J: -5 "^mx-MiLi])^- 1 
0 6 1 7 1 a*i|IIS$il7ttfit7 ^ 1 7 

i!i, =m.nof&mz^-^x'^\3 2' mfm.zh-f 

10 McADEAT-v^l,. 

[ 0 1 0 1 ] 07 \z'^<ti 0 iz. ±^mi-2 5 oa)wm 
mmmti'^i.^Lx^K^mwi 2imMmLfz^^ 
^<nwmmii^'^tm. ¥i±.y^)vj^i 7 i*^sp^ 
15 2' (^nm^z^ ^^zmts^ t x\ mmmmmm 

[0102] -^r. ll8t.T:-tJ: ^ t, m'm^2 5 0 

mm^umn'mLxm i 1 2 1 t^mmt 

7t*&t{i, ^^oftcmMii'-^Jt'ft, J^it7 ^•yl^A 1 7 1 

*^-^rai 5 2 - fl*^^>«siifcMtfitT\ mvmm 

[0103] ifzti^-ox. mi(r>m.i^i 2 1 i^iNip3« ■ 
mmmizx i>m 2 ^o^s* 1 2 2 1 cT^m 1 2 4 coje^^ 

[ 0 1 0 4 ] icoi 3 iz^mmmizxtii^. mmm 
Bg;T\ L*^i;7t'^«^ 2 5 0 5:icS^bt-|>:: , ?a 
-5 m 1 1 2 1 cO{*«^^WceH Uzit 

[0105] ^iS. *jlM«T-«, Xl^^ bD'^x V 

30 X ^ ym^mmttzm^m^^z-^^ ^xmm LtztK 
immm^zxw^^LtziSiWMmmmi. 'y^x< t h 1 
m.<^mmmmzmmLxm^^tiimm^m 
m-tizbi}^x^t, 

[0106] (msmmmm) ia9Wi, t^m<^fH3 

^mmmm^Lx^^i. tea. *^M^®tfcv^ 
X. m2ot5Xx/m2iim^^xmmirz%^m'f}5X 
r/i^mmmmtmtm&wm^z-^^mm2 on 
XT/m2 1 tmm^HLxim^zim. tfz. 119 
40 tpcriCU^^ miot^^mi2i,z^.t. 

[0107] 3 3 Oii U ym^z][M^tlfzT^-X 

T'$) D , -e^OrtfiiltfeV^Tm 1 criii±m 0 
25:«ft-tl>o icOT^^-X3 3 0{±, ^Wfrt i Off^ 
D , «ffiU y/3 0 3 tJS««FJtT««[lI 

[0108] :^mmMm(nitmm^3 5 oT-ii, t^^- 
mi(7)$i±mo2. 9m>jy^3 0 3t5X 
x/m 2 <r)m±u 3 0 6 J: 0 ^^ifim^^ti . z t^)^^ 
mmmui. mi<r)mm 2ii5xx/m2cr)mi^3 2 

50 2*s?I&'l..rfcir<*ffi3 24^?^^LTJR«$ilTV^ 



1 3 

I. 

[0109] T^-;^ 3 30 iOI*IfH|iJt{i. m 1 cr)}i± 

« 3 0 2 ^ m-f h 3 30amm^tixii^. 
^io^z^m(^'Mts:<h h 1 ^fmi. ±wmm 3 o 

a t ^tS L T DflgC 3 3 0 b S ilT t ^ S , 

[ 0 1 1 0 ] m 1 ^o^^±S3 o 2 co^'Wiiias^i-ji, ±fd 

mW>3 3 0 aiOiffllJ^^i^iagPS 3 0b (OlM^^tX' 

3 3 0 b ( KB ) t aM^Z\,i. 3 3 2 tfim^ 

[0111] ^LT. mU3 3 0h\^(r)X^-x<7y3h 
3 3 2 ^^V ^fc^ral 3 3 1 ii. ftjitl.Jf±7 ^ 
;l/A3 3 3*^^V^^^C®T1i, ?S^t>rtLTliP-t.|.. ^: 
i3, ^rBl3 3 1 (i, T^-X 3 3 0cO**!£>W^rlS^rt 

[ 0 1 1 2 ] 3 3 3 ii U y^'mzm^^tltz¥i!\L7 A II 

[0113] Jt±7'f;UA3 3 3cOo W53 3 ItiM 
[fi]LTV^^V^g|3^{i;^0:^®*iT^-X 3 3 OcO±ffli: 
^ 1 ^**il:«<^i'l-^3 0 2 a«7)±ffit i •? 

m^^ixx^^h. 

[0 114] tfz. ¥i±y ^ )l-J^333C0dhSm33 

1 i,zn\^-timi±. ^mmn\m3 3 3 ati^m 1 o 

J-tih^ 3 0 2 cOi'h^gR 3 0 2a (Tt^MZ . ^cO^'HlfflgB 
^j- 3 3 3 b K^-X 3 3 0 <7)5'KM®i)- 3 3 0 c cO± 

3 3 3ii. ffi^t^rBl3 3 1 t ^tgStC^P^LT 

[0 115] ;cOfci«^. ?ffi^*^'i>SPBl3 3 I|*ltm2c0 

vs*3 2 2imtiiiitfz 0 , ^Pai3 3 1 i-^^imm 
^zmtiiif,Lfz'o-ttztm^\ 

[0 1 16] mz. HI O^^ii^Hl 2SrfflV>TS^il;7 ^ 
II A 3 3 3i3±l^-^ra3 3HZX |,fflS««t^t'5^^ 

[ 0 11 7 ] la 1 0 t^^-r J: 0 ^^B*T«ilt±7 ^ 
;UA3 3 3{i. Sras 3 1 l*l^^^Ji:^^:'A'5a^^^v^*^ 

[0118] 01 llZ^tXdliZ. 7t^*^350c7)Ji 

H^ii?a^*^±# Lxm 1 «oMfr 3 2 1 mjmtfzM 

■^Ui. -ecO#:«iiJn^/2'(t. ftil:7 ^ 3 3 3 
Pb13 3 IcomirtSt^ifcT-. ^«9<]^r?S^rtcO^«*^ 

[0 119] -1^, SI 2tiS-r±-5t, 3t^«^3 5 

0 c7)mmmm&&i^r^ txmi co'm 3 2 1 A^s^KSi 
tJtJi-^tii, ^tfo*a«^-^vi{t, ^^±7 3 3 

[0120] L/SA^oT , m 1 mm 2 1 oa»?S • 

mmz xhm2 coistt: 3 2 2 1 cn^m 324 
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1 4 

Ib^Rfeih-r .Sit *^'^tg hts:^.%^J NV-cO^ft t K 

[ 0 1 2 1 ] ^coi 5 

BicT\ L*^^,3t¥*^-3 5 0^::^^ft-r.|.<It^r<. ia 

«s{M5mico?ffi*i 2 icnm^mznmLfzit 

[0 122] ^ffc. ll9t^L./L'tc7)i:(i:^iJt, 
y^^3 0 3 tT^-X 3 3 0 1 ^ ^^#:-C-MLL. % 

mzm-tm'^<r>mm^zwmimf. ^^^z^<r)^ 

10 t)i*cO±t|fiii«3 0 4 ^JfML/S3K^«^tfcV^T 

[ 0 1 2 3 ] Jfc/t, *:S;SlffJ®Tii:. ho^x •/ 

T ^ ym^mm Ltzm^n^^z-^\-^xtm LtztiK 
^mmm.{zxw^Lizi^mm.mmi. ^-^:< 1 1 1 
mmff)mw^^^n{zimLxmiSi^iit%^m'^^zm 

[0124] {m4:m.mmm) m 1 3 fcti, ±iem 1 % 
imm.(n%'^m'f2 3 0 ^^^^Mt Lxcom§mmi>z 
m Lfzmi:^sLx\'^i . ^mmmi^mmmm 550 

^T'jf'iiT-^kLximt?>. ^^mtT'jfivx 

^)V:^>^yX'hh. 

[0i2 5]|3i3tfcv>T. 5A0\imi<r>vy:m 

gf54 1, W.2VyXm5A2i5XXfm'%^230i,Z 

[0 12 6] L<r)mM'±^lk5 A o\i. W, \ uyxm5 

Aicommcomm-M>imtw^j:^ti. ^m^2 
3 ocovN°7-^ftTX-sy^'W?ii^„ m2uyx 

30 P5 4 2ii^t!lL*V^Ul^-l^yX||t*l>„ 

[0127] ^LT, if^m^2 3 Oii. ^ll^^-XI^ 

54 1 tm2uyxm5A2ff)mi<zEm.^ti. mi \^y 

5 4 1 7t^«^- 2 3 0 t tfOPal t ii , 0 PjS PSS: 

3imw^tix\^h. 

\Q\2^\t.fz. 5 4 0 cO^^Sea (^S 

Wi, »M*^5 4 4*^Ea§ti§, ititi. 

mi^fifz^:s^^^)Vi^-kmM\.z^mhm.mm^ 

40 L.T5'hi5t}im-r^1i?tlE3*^*^^>^rl.2<^:7CCCD^ 

[0129] 54 bummt^mmnxh 0 , a« 
^- 5 4 4 *^ t^Xh Lfz T'ruyammt^^ a/d^m 

KGC%m. *7-^bA7yx. r^ilE, Xv>>'3^ 
[0130] 551 mtSkr ^ Am<:nm.w.^-X ^ 

5 4 4 ^}il:Tm#L/o?ftWi^;cot«B^ 
as 5 ocriii)f^:iitiR,$-g7s-r*. 

[0131] 5 52i±CPU5 3 OSrXU-rmiA^^. 
50 ru7'y2^M^^'>,zm^th^AyxA ^v^X'hh. 



1 5 

[0 132 3 55 3a, 5 5 3 bti-etim, 1^ 

»3K^is 5 4 0 cnm.^mm.<^^mmm^hfll . 

[0133] 5 5 4{iJiiax^ •yi-m\-cr)imx-< -y^ 
[0134] 5 5 5^±MAmiiimWX\ -IS^7*>f 5 

^zm^^^tii.mm^mmmmmi'fHjo hen 

[0135] 5 5 6{i7 ^-^XlBiftHlSra D , m 1 
l^yXPS 4 1 2:3t«i:^|6lfcajI^i^rl.r^^jLX-^ 
i: h-^^^NlllSS^-i-;^/^. M;S1^aiSS5 5 5-Ciaff^il 

5 4 0 ^ ^«^ii:l> . 
[0136] 5 5 7{±i'|-g|5y^iJT$>D. ft^^iXT^cB 

M^T) 7 7 -y a ^ y ^A^ff 3i-C-$) •& „ 

[ 0 1 3 7 ] H 1 4(i. jiiea^^M5 5 o*i^-r-i.c 

T. 01 3fcJ;t^iai4^ffli,^T«^B5 5 0cOiif^ 

[0 1 3 8] ;^T-yTS 1 0 liZti^^^X, ^^^yXA-v 

ai^-h'cD«®i:^l., ;^T-yrsi 0 llcfcV^T;^^ 

yx^ -y^ 5 5 2mymi^^tifzkm^-th t , #li 
[ 0 1 3 9 ] XT -yTs 1 0 2X'ii. mimzx 

-F (leiSHs^S^^'Jv iimJ±«*^^±/J^^) . XF 
n;l<^-F ^tOfSS^Sittt 

[0 14 0] 'yrS 1 0 3tii, afM-tJ;oTW 
fiX-AX-f •y^5 5 3 a*ijif^^il/.:*>S*^&¥ij;3iJ-r 

y^yim^tix^^^j:^^^^iiXT'yrs 1 04i>zm 

tS. ZZ T-WfllX-AX^ 7 ^ 5 5 3 a mm^tlfz^ 
^{i. Xf 'yTS 1 2 1l,zm7-tho 
[ 0 1 4 1 ] Xf 'yTS 1 2 IT'ii, WMX-AX-f -y 

^5 5 3 ac7)tiiti mm\^'^yi-y^mm) ^mm 

ff-ri, (S 1 22) . ^IX. Xr-yTSl 2 3T-(i, 
J: 2 3 0^£7)E|TDDmffi»2: 

2 3 0 fc«E2rEpjD-ri. ( S 1 2 4 ) , LTXr -y7° 
S 1 0 2^MI., 

[ 0 1 4 2 ] 0 . WfflX-i^X-f >y ^5 5 3 aA^S 
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1 6 

f^$ix^ti-tV^I)Ji-&ii, Xr-y 7°S 1 0 2*^f>Xf >y 
rS124^^0St^fft. WfflX-i.X>f >y^5 5 
3 ac7)^yjSf^AS$^T L?tB#jST-XT 'V 7" S 1 0 4^t 

[0 14 3]XT->y7-S10 4T-{i. ^fi^tCj; oTT 
fl!|X-AX^ -y^S 5 3 b;iiB<1^$il/S*^S*^^WJ-r 
^yJii1^$ilTV^=5rV^^^f±Xf -yrs 1 0 5tji 
0„ ;;TTfflX-AX^ -y^S 5 3 b^iJiil^S^il/iJi 

-^(i. xf -yrsi 2 nzWr^-th. 

10 [ 0 1 4 4 ] XT'y 7-S 1 2 1 Tii. TfflljX-AX^ .y 

L , ioM\m\z^-iv^xnmhi^Mm!Sc\m^-m 

nth (S122) , ^LT, Xr-y7-S 1 2 3-C1i. 
^(OmMmmzX-^X^'^m^2 3 0>\i7)MD«E»^ 

^^L. i^mm^2 3 KntannEmmixm^m'^ 

2 3 0(C«ffi^mp-ri. (S124) , ^UTXr-yT 
S 1 0 2^HI.. 

[ 0 1 4 5 ] 0 - TiBI|X-AX>f >y^ 5 5 3 b*^^ 

i^^tmiilrXi^l^-^li, Xf >y7°S 1 0 2*^ii>XT'y 
20 rs 1 24^*iD5Stllfft. Tffll|X-AX^ .y^l 5 
3hmymmmjtfz^,'^XXT'yrS l O 5^t 

[0146] Xr-yrs 1 0 5T-{i. jffMtJ; oTJ* 
f^X>f .y-fl^ 5 5 4C7) 5 i;.. lii^?Pffi|X^ .y^ (13 1 4 
C7) 7 o-^ ^ - F T1i S W 1 1 ^id ) C73:t y ftf^;^i'tf 
iX/t^^SA^^^iJ^y-t-S , ^>J*f1^$iiTV^=5rv^*l^{ix 
r yrs 1 0 2icM0 . «»^fr^Scog#(t^. X- 
AX^ -y^5 5 S^ii^^cT)^^!]?:^^^!^-. Xr -yrs 

1 0 sx-mmmxA y-f-mym^titztm:fh 

30 t , XT-y7°S 1 1 1 A^tf-t-S . 

[0 14 7] Xr-y 7"S 11 1T{±. a«i^5 4 4i3 
J:l>'fl ^iaaillK 5 4 5 ^WmVX . -TV b'a-H«5- 

[0 148] XT'y 7°S 1 1 2X-\i. Xr-y 7"S 1 1 1 

xjm\.fz7-v\i:i.-m%.<n'^%V'<~)V^WM:^h „ m 
#;6<)tii. afi*^ 5 4 4*itil:^jt-^Bffifi-^(cfct'^ 

40 ti^s^ 5 4 4 \zxmhm.^ nm.th . 

[0 149] Xr-yTSl 1 3Tii. Xf -yTS 1 12 

xwMLfz^%mz^\^x . m»m-'?k'iAQnzm^ 

^fifzm Di--yF543^IB» Lxmmt^^ztih J: 

a t^jo^-'y F 5 4 -iomumiMmth . 

[0 1 5 0] Xf >y7-S 1 14f«i. Xf-y7°Slll 
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[Claim(s)] 

[Claim l]An optical element forming space divided by a flexible member of film state to 
said fluid chamber in thickness of a wall of said container in an optical element 
constituted by accommodating a fluid in a fluid chamber formed in a container. 
[Claim 2] The optical element according to claim 1 carrying out elastic deformation of 
said flexible member to said said space and fluid chamber side in connection with a 
volume change of said fluid. 

[Claim 3]The optical element according to claim 1 or 2, wherein there is a combination 
place of two or more members which constitute said container near said space and said 
flexible member is held in a combination place of two or more of said members. 
[Claim 4]The 1st fluid that has conductivity or owner polarity, this 1st fluid, and the 2nd 
unmixed fluid are accommodated in said fluid chamber, When shape of an interface of 
said 1st fluid and said 2nd fluid changes according to change of inter-electrode impressed 
electromotive force provided in said said 1st fluid and container side, an optical property 
is a changing optical element and Said space, An optical element given in claims 1-3, 
wherein one of receiving regions is divided by said flexible member among said 1st and 
2nd fluids in said fluid chamber. 
[Claim 5]An optical apparatus comprising: 
The optical element according to any one of claims 1 to 4. 

A feeding control circuit to which said 1st fluid and impressed electromotive force inter- 
electrode [ said ] are changed. 
[Claim 6]A photographing instrument comprising: 

A photographing optical system containing the optical element according to any one of 
claims 1 to 4. 

A feeding control circuit to which said 1st fluid and impressed electromotive force inter- 
electrode [ said ] are changed. 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical apparatus which has an 

optical element using a fluid, and this optical element. 

[0002] 

[Description of the Prior Art]Various proposals are made in order to use variable focus- 
ization, without moving a lens mechanically conventionally. 

[0003]For example, in JP,1 1-133210,A, a transparent liquid is closed to a well-closed 
container, and the optical element which gave potential difference between the 1 st 
electrode and conductive elastic plate with which the container is provided is proposed. 
[0004]In this optical element, by giving potential difference between the 1st electrode 
and a conductive elastic plate. The suction force by Coulomb force is generated, both 
interval is narrowed, it has the volume of the transparent liquid excluded from both 
interval, and a convex lens is made to form with the transparent elastic plate and 
transparent plate which faced in opposite directions to the transparent liquid, changed the 
center portion of the transparent elastic plate into the convex form, and changed it into 
convex, and the transparent liquid which is filling between both. And the optical element 



of a variable focus consists of changing the power of a convex lens by changing this 
above-mentioned potential difference. 

[0005]On the other hand, the variable-focus lens using the electro wetting effect 
(electrocapillarity) is indicated in No. international JP,99,B / 18456. In this variable-focus 
lens, since electrical energy can be directly used for the shape change of the lens which 
the interface of the 1st transparent liquid and the 2nd transparent liquid which were 
closed by the well-closed container forms, it can be made a variable focus, without 
moving a lens mechanically. The principle of operation is explained using this 
application drawing 1 5 - drawing 19 . 

[0006]It is a sectional view showing the composition of the above-mentioned optical 
element in drawing 1 5 and drawing 16 . Here, the optic axis 123 explains as what is 
prolonged in the sliding direction. 

[0007]In this figure, 101 shows the whole optical element. 102 is the transparent 
substrate made from a transparent acrylic which provided the crevice in the center. The 
transparent electrode 1 03 which is a resistor on a thin film with predetermined surface 
resistivity is formed in the upper surface of this transparent substrate 102, and the 
insulating layer 104 made from a transparent acrylic is stuck and formed in it at that 
upper surface. Two or more terminal areas are provided so that it may mention later, but 
drawing 1 5 and drawing 1 6 do not show to this transparent electrode 1 03. 
[0008] After dropping replica resin in the center of the transparent electrode 103, pushing 
with a glass plate and making the surface smooth, the insulating layer 1 04 makes it 
harden by performing UV irradiation, and is formed. Adhesion fixing of the cylindrical 
package body 105 with a light blocking effect is carried out to the upper surface of the 
insulating layer 104, and adhesion fixing of the arm top cover 106 made from a 
transparent acrylic is carried out to the upper surface. 

[0009]The throttle plate 107 with the opening of the diameter D3 is arranged in the center 

section at the upper surface of the arm top cover 1 06. 

[OOlOJIn the above composition, a case slack container with a closed space of the 
predetermined volume surrounded with the insulating layer 104, the package body 105, 
and the arm top cover 106, i.e., a fluid chamber, is formed. And the surface treatment 
shown below is performed to the wall surface of the fluid chamber. 
[001 l]First, a water-repellent chemical is applied within the limits of the diameter Dl, 
and the water-repellent membrane 1 1 1 is formed in the central upper surface of the 
insulating layer 104. As a water-repellent chemical, a fluorine compound etc. are 
preferred. 

[001 2] A hydrophilic processing agent is applied to the range outside the diameter Dl of 
the upper surface of the insulating layer 104, and the hydrophilic film 1 12 is formed in it. 
As a hydrophilic agent, a surface-active agent, hydrophilic polymer, etc. are preferred. 
[0013]On the other hand, hydrophilic processing is performed within the limits of the 
diameter D2, and the hydrophilic film 112 and the hydrophilic film 1 1 3 with the same 
character are formed in the undersurface of the arm top cover 106. 
[0014]And all the members forming explained so far is carrying out rotational symmetry 
shape to the optic axis 123. 

[0015]The hole has opened in some package bodies 105, and the cylindrical electrode 
125 is inserted here. The crevice between the cylindrical electrode 125 and a hole is 
closed with adhesives, and the sealing nature of the fluid chamber is maintained. 



[00 16] And the feeder circuit 126 is connected to each terminal area (un-illustrating) and 
the cylindrical electrode 125 of the transparent electrode 103, and impression of 
predetermined voltage is attained between two electrodes by operation of the switch 127. 
[0017]Restoration accommodation of two kinds of fluids shown below is carried out at 
the fluid chamber in the container of the above composition. First, on the water-repellent 
membrane 1 1 1 on the insulating layer 104, the 2nd fluid 122 is dropped only the 
specified quantity. The 2nd fluid 122 is water- white and the silicone oil of specific 
gravity 1 .06 and the refractive index 1 .49 in a room temperature is used. 
[0018]The remaining space in a fluid chamber is filled up with the 1st fluid 121. The 1st 
fluid 121 is an electrolysis solution (fluid which has conductivity or owner polarity) of 
the refractive index 1 .38 in the specific gravity 1 .06 and room temperature to which ethyl 
alcohol was mixed with water with the predetermined ratio, and also the salt of the 
specified quantity was added. 

[0019]That is, the 1st and 2nd fluids 121,122 have equal specific gravity, refractive 
indicees differ and the fluid which is not mixed mutually (it is insoluble) is selected. And 
both the fluids 121,122 form the interface 124 and each exists independently, without 
being mixed. 

[0020]Next, the shape of the interface 124 is explained. First, as shown in drawing 15, 
when voltage is not impressed between the 1 st fluid 121 and the transparent electrode 
103, the shape of the interface 124, It is decided by interfacial tension with the water- 
repellent membrane 1 1 1 on interfacial tension with the water-repellent membrane 1 1 1 on 
the interfacial tension between both the fluids 121,122, the 1st fluid 121, and the 
insulating layer 104, or the hydrophilic film 112, the 2nd fluid 122, and the insulating 
layer 104, or the hydrophilic film 112, and volume of the 2nd fluid 122. 
[0021]In this optical element 101, material selection is carried out to the silicone oil 
which is the material of the 2nd fluid 122 so that interfacial tension with the water- 
repellent membrane 1 1 1 may become small relatively. That is, since the wettability 
between both materials is high, the rim of the lens-like drop which the 2nd fluid 122 
forms has a spreading disposition, and is stabilized in the place whose rim corresponded 
with the coating regions of the water-repellent membrane 111. That is, the diameter Al at 
the bottom of a lens which the 2nd fluid 122 forms is equal to the diameter Dl of the 
water-repellent membrane 111. 

[0022] As the specific gravity of both the fluids 121,122 was mentioned above, since it is 
mutually equal, gravity does not act on these both the fluids 121,122 seemingly. For this 
reason, the interface 1 24 turns into a surface of a sphere, and that curvature radius and 
height hi are decided by volume of the 2nd fluid 122. The thickness on the optic axis of 
the 1st fluid 121 is settotl. 

[0023]On the other hand, if the switch 127 is closed and voltage is impressed between the 

1st fluid 121 and the transparent electrode 103, By the electro wetting effect, the 

interfacial tension of the 1st fluid 121 and the hydrophilic film 112 decreases, and the 1st 

fluid 121 overcomes the boundary of the hydrophilic film 1 12 and the water-repellent 

membrane 111, and enters on the water-repellent membrane 111. 

[0024] As a result, as shown in drawing 16 , the diameter of the bottom of the lens which 

the 2nd fluid 122 makes decreases from Al to A2, and height increases from hi to h2. 

The thickness on the optic axis of the 1st fluid 121 is set to t2. 

[0025]Thus, by the voltage impressing to the 1st fluid 121, balance of the interfacial 



tension of two kinds of fluids changes, and the shape of the interface 124 between both 
the fluids 121,122 changes. For this reason, the optical element which changes the shape 
of the interface 124 free and can do ****** by the voltage control of the feeder circuit 
126 is realizable. 

[0026] Since it has a refractive index from which the 1st and 2nd fluids 121,122 differ, the 
power as an optical lens will be given and the optical element 101 serves as a lens whose 
focal distance is variable by the shape change of the interface 124. 
[0027] Since a curvature radius becomes short compared with drawing 15 in the direction 
of the interface 124 of drawing 16 , in the direction of the optical element 101 of the state 
which showed in drawing 1 6 . compared with the state of drawing 15 , the focal distance 
of the optical element 101 becomes short. 

[0028]The modification principle of 2 liquid-junction side by this electro wetting is 
indicated by No. international JP,99,B / 18456. 

The interface 124 is equivalent to the positions A and B of 2 liquid-junction side 
indicated to drawing 2 of the patent. 

[0029]The relation between the output voltage of the feeder circuit 126 and modification 
of the optical element 101 is shown in drawing 17 . 

[0030]In the figure (a), if the voltage of the pressure value VO is impressed to the time tO 
to the optical element 101, modification of the interface 124 of the optical element 101 
will start in the damping time constant tl 1 (refer to drawing 1 7 (b)). Even if it is 
continuing voltage impressing as it is, by the time the interface 124 reaches the desired 
variation delta 0, quite long time will be needed. Then, when the interface 124 changes in 
deformation (b) permissible as an error as an optical system, for example, drawing 17 , to 
95% of the desired interface variation delta 0 (0.95delta0 and notation) (time tl2), it is 
considered that desired deformation was reached. 

[003 l]lf this deformation is not reached, it is setting out which does not progress to 
control next to the optical element 101, for example, control of changing the pressure 
value currently impressed to the optical element 101. This permissible deformation is 
determined based on the optical system in which the optical element 101 is included. 
[0032]The composition of the feeding control circuit including the above-mentioned 
feeder circuit 126 is shown in drawing 18 . Here, operation when voltage equal to two or 
more terminal areas of the transparent electrode 103 is impressed is explained. 
[0033] 130 is a central processing unit (it abbreviates to CPU hereafter) which controls 
operation of the optical element 101, and is a one-chip microcomputer which has ROM, 
RAM, EEPROM, an A/D conversion function, a D/A conversion function, and an PWM 
(Pulse Width Modulation) function. 

[0034]The DC to DC converter with which 132 carry out pressure up of DC power 
supplies, such as a dry cell, and the voltage to which 133 was outputted from the power 
supply 132 to a desired pressure value among the feeder circuits 131 according to the 
control signal of CPU 130, 134,135 is an amplifier which amplifies the signal level 
according to the control signal of CPU130, for example, the frequency / duty ratio 
variable signals with which an PWM function is realized, even to the voltage level by 
which pressure up was carried out with DC to DC converter 133. 
[0035]The amplifier 134 is connected to the transparent electrode 103 of the optical 
element 101, and the amplifier 135 is connected to the cylindrical electrode 125 of the 



optical element 101, respectively. In order to simplify explanation here, the voltage 
outputted from the amplifier 134 shall be impressed to the transparent electrode 103 as a 
value fixed on the surface. 

[0036]By this composition, the output voltage of the power supply 132 comes to be 
impressed to the optical element 101 according to the control signal of CPU130 by the 
pressure value, frequency, and duty of a request with DC to DC converter 133, the 
amplifier 134, and the amplifier 135. 

[0037]The voltage waveform outputted from the amplifier 134,135 is shown in drawing 
19. Explanation is given below as that by which the voltage of lOOV was outputted to the 
amplifier 134,135 from DC to DC converter 133, respectively. 
[003 8] As shown in drawing 1 9 (a), the amplifier 134,135 is connected to the optical 
element 101, respectively. From the amplifier 134, as shown in drawing 19 (b), the 
voltage of a square wave form is outputted with desired fi-equency and a duty ratio by the 
control signal of CPU 130. 

[0039]On the other hand, from the amplifier 135, as shown in drawing 19 (c), by the 
control signal of CPU130, it is an opposite phase in the amplifier 134, and the voltage of 
the square wave type of the same frequency and the same duty ratio is outputted. 
Thereby, the voltage impressed between the transparent electrode 103 of the optical 
element 101 and the cylindrical electrode 125 turns into the voltage of the square wave 
type of * * 1 OOV, i.e., a volts alternating current, as shown in drawing 19 (d). 
[0040]For this reason, a volts alternating current will be impressed to the optical element 
101 by the feeder circuit 131. 

[0041]By the way, since you can express the effective value from the impression start of 
the voltage impressed to the optical element 101 like drawing 19 (e), suppose henceforth 
that the waveform of the volts ahernating current impressed to the optical element 101 is 
learned fi-om drawing 19 (e), and is expressed. 

[0042]During the above-mentioned explanation, although explained as that to which the 
voltage of a square wave form is outputted from the amplifier 134,135, it becomes 
composition also with same sinusoidal wave output. 

[0043]During the above-mentioned explanation, although the case where the power 
supply 132 was included in the feeder circuit 131 was explained, exchange impression 
may be made to be carried out at the optical element 101 by the external power supply. 
[0044]Next, other conventional optical elements are explained using drawing 20 . In the 
figure, 301 shows the whole optical element. 302 is the transparent acrylic or the 1st glass 
sealing plate of a disk form. 

[0045J303 is an electrode ring, an outside diameter size tends toward homogeneity, an 
inner diameter dimension goes downward, and the diameter is becoming large gradually. 
This electrode ring 303 is the ring shaped member which provided resistors, such as a 
mixture of carbon and resin, in the surface of the ring member made by being 
nonconducing. 

[0046]Adhesion formation of the insulating layer 304 made with the acrylic resin etc. is 
carried out at the inner surface perimeter of the electrode ring 303. Since the inner 
diameter dimension of the insulating layer 304 is uniform, thickness increases gradually 
toward the bottom. And while a water-repellent chemical is applied to the inner surface 
perimeter bottom of the insulating layer 304 and the water-repellent membrane 31 1 is 
formed, a hydrophilic processing agent is applied to the iimer surface perimeter upper 



part of the insulating layer 304, and the hydrophilic film 3 12 is formed. 
[0047] 3 06 is the transparent acrylic or the 2nd glass sealing plate of a disk form, and the 
cylindrical electrode 325 is inserted in here where the hole was able to open in the part. 
The crevice between the cylindrical electrode 325 and a hole is closed with adhesives. 
[0048] 3 07 is a throttle plate which restricts the path of the light flux which enters into the 
optical element 301, and is fixed to the upper surface of the 2nd sealing plate 306. And 
adhesion fixing of the lower case 330, the 1st sealing plate 302, the electrode ring 303, 
and the 2nd sealing plate 306 of each other is carried out, and a closed space of the 
predetermined volume surrounded by these members, i.e., the container as a case with a 
fluid chamber, is formed. 

[0049] This container is making axisymmetric geometry to the optic axis 323 except the 
insert portion of the cylindrical electrode 325. And a fluid chamber is filled up with two 
kinds of fluids shown below. 

[0050]First, only the daily dose with which the 2nd fluid 322 becomes the height as 
water-repellent membrane 3 1 1 formation part with same height of the liquid column is 
dropped at the bottom side of a fluid chamber. The 2nd fluid 322 is water-white and the 
silicone oil of specific gravity 1 .06 and the refractive index 1 .49 in a room temperature is 
used. Then, the remaining space in a fluid chamber is filled up with the 1st fluid 321. The 
1st fluid 321 is an electrolysis solution of the refractive index 1.38 in the specific gravity 
1 .06 and room temperature to which ethyl alcohol was mixed with water with the 
predetermined ratio, and also the salt of the specified quantity was added. 
[0051]That is, the 1st and 2nd fluids 321,322 have equal specific gravity, refractive 
indicees differ and the fluid which is not mixed mutually (it is insoluble) is selected. And 
both the fluids 321,322 form the interface 324 and each exists independently, without 
being mixed. 

[0052]And the shape of this interface 324 is decided by the balance of three interfacial 
tension which works to the outer edge section of the point 324, i.e., an interface, that 
three substances of the wall of a fluid chamber (container), the 1st fluid 321, and the 2nd 
fluid 322 cross. 

[0053] 13 1 is a feeder circuit which makes the same composition and operation as the 
feeder circuit 126 shown in drawing 18 . 

[0054]The amplifier 134 of this feeder circuit 13 1 is connected to the electrode ring 303, 
and the amplifier 135 is connected to the cylindrical electrode 325. 
[0055]In the above composition, voltage is impressed to the 1st fluid 321 via the 
cylindrical electrode 325, and the interface 324 changes by the electro wetting effect. 
[0056]Next, modification of the interface 324 in the optical element 301 and the optical 
work brought about by this modification are explained using drawing 21 . 
[0057]First, when voltage is not impressed to the 1st fluid 321, as shown in drawing 21 
(a), the shape of the interface 324, It is decided by interfacial tension with the water- 
repellent membrane 3 1 1 on interfacial tension with the water-repellent membrane 3 1 1 on 
the interfacial tension between both the fluids 321,322, the 1st fluid 321, and the 
insulating layer 304, or the hydrophilic film 312, the 2nd fluid 322, and the insulating 
layer 304, or the hydrophilic film 312, and volume of the 2nd fluid 322. The thickness on 
the optic axis of the 1st fluid 321 is set to hi. 

[0058]On the other hand, if voltage is impressed to the 1st fluid 321, by the electro 
wetting effect, the interfacial tension of the 1st fluid 321 and the hydrophilic film 312 



decreases, and the 1st fluid 321 will overcome the boundary of the hydrophilic film 312 
and the water-repellent membrane 311, and will enter on the water-repellent membrane 
31 1. As a result, as shown in drawing 21 (b), the height of the 2nd fluid 322 increases to 
h2 from hi . The thickness on the optic axis of the 1 st fluid 32 1 is set to t2. 
[0059]Thus, by the voltage impressing of a between [ the 1st fluid 321 and the electrode 
ring 303 ], balance of the interfacial tension of two kinds of fluids changes, and the shape 
of the interface 324 between both the fluids 321,322 changes. In this way, the optical 
element which can change the shape of the interface 324 free by the voltage control of the 
feeder circuit 131 is realizable. 

[0060]Since it has a refractive index from which the 1st and 2nd fluids 321,322 differ, the 
power as an optical lens will be given and the optical element 301 serves as a variable- 
focus lens from which a focal distance changes with the shape changes of the interface 
324. 

[0061]Since a curvature radius becomes short compared with the state of drawing 21 (a) 
in the direction of the interface 324 in the state of drawing 2 1 (b), in the direction of the 
optical element 301 of drawing 21 (b), compared with the state of drawing 21 (a), the 
focal distance of the optical element 301 becomes short. 

[0062]the modification principle of 2 liquid-junction side by this electro wetting effect is 
also indicated by No. international JP,99,B / 18456, and the interface 324 is equivalent to 
the positions A and B of 2 liquid-junction side indicated to drawing 6 of the patent. 
[0063] By the way, a fluid as mentioned above by the optical element accommodated in 
the well-closed container. When it does not have a temperature compensation function, if 
the fluid in a container causes thermal expansion and heat contraction, the optical power 
as a lens will change and a focal distance will change with change of the surrounding 
temperature environment, the rises in heat accompanying prolonged operation, etc. 
[0064]Then, in order to solve this problem, various proposals are made, but by JP,2000- 
8 1503, A, the optical element provided with a temperature compensating means to explain 
below is proposed, for example. 

[0065]That is, he provides the temperature compensation part provided with the tank 
which is open for free passage to the building envelope where the peripheral part of the 
lens container is filled up with the transparent liquid in a container, and is trying to 
absorb a changed part of the volume of the transparent liquid fluctuated by thermal 
expansion and heat contraction by this temperature compensation part, the inside of the 
wall surface of the tank of a temperature compensation part ~ at least a part - 
modification ~ it is an easy elastic barrier. 

[0066]Thereby, even when the transparent liquid in a container causes thermal expansion 
and heat contraction by change of the surroimding temperature environment, the rise in 
heat accompanying prolonged operation, etc., among the volume of a transparent liquid, a 
part for a temperature change was absorbed or supplied by the temperature compensation 
part, and has controlled change of the optical power by a temperature change etc. by it. 
[0067] 

[Problem(s) to be Solved by the InventionjHowever, since a temperature compensation 
part is provided in the peripheral part of a lens container with the composition of a 
proposal by above-mentioned JP,2000-81503,A, there is a problem of causing size 
increase of the diameter direction as the whole optical element. 

[0068]Then, an object of this invention is to give the function which absorbs the volume 



change of the fluid accompanying a temperature change about the optical element using a 
fluid, without making an optical element enlarge. 

[0069] 

[Means for Solving the ProblemJIn order to attain the above-mentioned purpose, in an 
optical element which comprises this invention by accommodating a fluid in a fluid 
chamber formed in a container, space divided by a flexible member of film state to a fluid 
chamber in thickness of a wall of a container is formed. 

[0070]By this, when a fluid expands by a temperature change, When volume of a fluid 
chamber is made to increase, and contraction arises into a fluid by changing so that a 
flexible member may enter in the above-mentioned space with this expansion, and a 
flexible member changes into the fluid chamber side with this reduction, it becomes 
possible to decrease volume of a fluid chamber. Thus, in this invention, a function which 
absorbs a volume change of a fluid accompanying a temperature change by very easy 
composition is given to an optical element. And since the above-mentioned space is 
formed in thickness of a wall of a container, it is possible to prevent enlargement of an 
optical element. 

[0071] When there is a combination place of two or more members which constitute a 
container near the above-mentioned space. It is made to make the above-mentioned 
flexible member hold to a combination place of a member of these plurality, and may 
enable it to perform easily maintenance (further fluid-tight nature reservation of a 
combination place) with a container of a flexible member, and an assembly of an optical 
element. 

[0072]The 1st fluid that has conductivity or owner polarity, this 1st fluid, and the 2nd 
unmixed fluid are accommodated in a fluid chamber. In an optical element from which an 
optical property changes when shape of an interface of the 1st fluid and the 2nd fluid 
changes according to change of inter-electrode impressed electromotive force provided in 
the 1st fluid and container side, It may be made to divide one of receiving regions by the 
above-mentioned flexible member among the above-mentioned space and the 1st and 2nd 
fluids in a fluid chamber. 

[0073] And if an optical element and a photographing instrument are constituted using the 
above optical elements, it will become possible to realize a compact optical element and a 
photographing instrument. 
[0074] 

[Embodiment of the Invention](A 1st embodiment) The composition of the optical 
apparatus which consists of an optical element which is a 1 st embodiment of this 
invention, and a feeding control circuit is shown in drawing 1 . In this embodiment, about 
the component which is common in the optical element and feeding control circuit which 
were explained using drawing 1 5 and drawing 16, drawing 1 5 and drawing 16, and a 
same sign are attached, and it replaces with explanation. The A section in drawing 1 is 
shown in drawing 4 from drawing 2 . 

[0075]According to this embodiment, a container is constituted by the insulating layer 
104, the package body 105, and the arm top cover 106, and in the fluid chamber formed 
in this container, without mixing the 1st fluid 121 and 2nd fluid 122 mutually, the 
interface 124 is formed and it is accommodated. 

[0076]The space 152 is formed in at least one in the perimeter in the upper part of the 
package body (wall) 105 so that it may be settled in the wall thickness of the package 



body 105 required originally. This space 152 is formed in the form inserted in the upper 
part of the package body 105 between the wall part 105b and the wall portion 105 a which 
fell by one step rather than this, In the state where there is no sealing film 150,151 
mentioned later, the opening is carried out to the fluid chamber side through the crevice 
between the upper bed side of the above-mentioned wall portion 1 05a, and the 
undersurface of the arm top cover 106. 

[0077]Between the package body 105 and the arm top cover 106 (two or more members 
which constitute a container), the sealing film (flexible member of film state) 150,151 
formed in the ring shape of two sheets is arranged in piles. 

[0078]At this embodiment, although the sealing film of two sheets is used, even if it fixes 
the sealing film of one sheet to the package body 105 and the arm top cover 106, it needs. 
However, the direction which used the sealing film of two sheets like this embodiment 
assembles, and it excels in the sex. 

[0079]The sealing film 150,151 is formed, for example of the monolayer high polymer 
film or the double layer high polymer film, and does not let a fluid and air pass, but 
elastic deformation is easy for it. 

[0080]The portion which has not countered the space 152 among the sealing films 150 is 
being fixed to the upper bed side of the package body 105 by adhesion etc. As for the 
portion which counters the space 152 among the sealing films 150, the inside diameter 
side portion is being fixed to the upper bed side of the wall part 105b of the package body 
105 for a part for the outside diameter side part by the upper bed side of the wall portion 
105a of the package body 105 by adhesion etc. again, respectively. Thereby, the sealing 
film 150 can seal and divide a fluid chamber and the space 152 mutually. 
[0081] For this reason, the 1st fluid 121 does not begin to leak from a fluid chamber in the 
space 152, or air does not begin to leak from the space 152 to a fluid chamber. 
[0082]The sealing film 1 51 is being fixed to a part for the outside diameter side part of 
the arm top cover 106 by adhesion etc. 

[0083]Both the sealing films 150,151 are unified by hot welding etc. However, about the 
part which is closing the space 152 in the sealing film 150, the outer edge section 150a is 
united with the outer edge section 151a of the sealing film 151 by hot welding etc. 
thereby - the combination place of the package body 105 and the arm top cover 106 ~ 
liquid ~ it can close densely. 

[0084]Next, the temperature compensation function by the sealing film 150 and the space 
152 is explained using drawing 4 f rom drawing 2 . 

[0085] As shown in drawing 2. in the time of ordinary temperature, the sealing film 150 
fixed to the package body 105 has entered slightly inside the space 152 by the fluid 

pressure in a fluid chamber. 

[0086] As shown in drawing 3 , when the ambient environment temperature of the optical 
element 201 rises and the 1st fluid 121 expands thermally, the capacity in a substantial 
fluid chamber increases only that volume increment because the sealing film 150 bends 
further inside the space 1 52, and this volume increment is absorbed. 
[0087]On the other hand, as shown in drawing 4 , when the ambient environment 
temperature of the optical element 201 descends and the 1st fluid 121 carries out heat 
contraction, the capacity in a substantial fluid chamber decreases and a part for this 
volume decrease is absorbed because the sealing film 150 bends in the fluid chamber side 
from the space 152 side by that volume decrease. 



[0088]Therefore, it becomes possible to prevent the shape change of the interface 124 
with the 2nd fluid 122 by the thermal expansion and heat contraction of the 1st fluid 121, 
and change of optical power can also be prevented. 

[0089]Thus, according to this embodiment, it is easy composition, and change of the 
optical power resulting from the volume change of the 1st fluid 121 accompanying a 
temperature change can be prevented, without moreover enlarging the optical element 
201 (especially container outer diameter). 

[0090] Although this embodiment explained the optical element using the electro wetting 
effect, the temperature compensating structure explained by this embodiment is 
applicable to the optical element constituted by accommodating at least one kmd of fluid 
in a container. 

[0091] (A 2nd embodiment) The composition of the optical apparatus which consists of 
an optical element which is a 2nd embodiment of this invention, and a feeding control 
circuit is shown in drawing 5 . In this embodiment, a 1 st embodiment and a same sign are 
attached about the component which is common in a 1 st embodiment, and it replaces 
with explanation. The B section in drawing 5 is shown in drawing 8 from drawing 6 . 
[0092] A container is constituted from the arm top cover 106 fixed to the insulating-layer 
104, package body 105, upper case [ of ring form ] 1 60, and inside diameter side of this 
upper case 160 by adhesion etc. by the optical element 250 of this embodiment, In the 
fluid chamber formed in this container, without mixing the 1st fluid 121 and 2nd fluid 
122 mutually, the interface 124 is formed and it is accommodated. 
[0093]The crevice 160a which forms space 152' with the peripheral end face of the arm 
top cover 106 is formed in at least one in the upper bed side of the package body 105 in 
the upper case (wall) 1 60, and the perimeter of the inside diameter side portion which 
counters. Space 152' is a thing of a size settled in the wall thickness of the upper case 160 
required originally, and an opening is carried out to the fluid chamber side in the state 
where there are no sealing films 1701 and 171 mentioned later, through the crevice made 
between the upper bed side of the package body 105, and the undersurface of the arm top 
cover 106. 

[0094]Between the undersurfaces of the upper bed side of the package body 105, the 
upper case 1 60, and the arm top cover 1 06, the sealing film (flexible member on a film) 
170,171 of the ring shape of two sheets is arranged. As these sealing films 170,171, it is 
formed with the same raw material as the sealing film 150,151 of a 1st embodiment. 
[0095]The sealing film 170 is being fixed to the rear-face side 170a of this sealing film 
170 by the upper bed side of the package body 105 by adhesion etc. 
[0096]On the other hand, as for the portion which has not countered space 1 52' among 
the sealing films 171, the whole surface is being fixed to the undersurface of the upper 
case 160, and the undersurface of the arm top cover 106 by adhesion etc. As for the 
portion which countered space 152' among the sealing films 171, the inner periphery 
171a is being fixed to the peripheral part 106a of the undersurface of the arm top cover 
106 by adhesion etc. 

[0097]Both the sealing films 170,171 are unified by hot welding etc. However, about the 
portion which has countered space 1 52' among the sealing films 1 71 , the outer edge 
section 171b is united with the outer edge section 171b of the sealing film 170 by hot 
welding etc. Thereby, in the combination place of the package body 105 and the upper 
case 160, the sealing film 170,171 can close a fluid chamber in the fluid-tight state while 



being able to divide a fluid chamber to space 1 52'. 

[0098]The slot 153 which extends in an outer peripheral direction from this crevice 160a 
is formed in the portion in which the crevice 1 60a in the undersurface of the upper case 
160 was formed, and the upper case 160 and the sealing film 1 71 are not being fixed to it 
in this portion.For this reason, elastic deformation of the sealing film 171 can be freely 
carried out to the crevice 160a (a jam is space 152') formed in the upper case 160. 
[0099]Next, the temperature compensation function by the sealing film 171 and space 
1 52' is explained using drawing 8 from drawing 6 . 

[01 00] As shown in drawing 6 , in the time of ordinary temperature, the sealing film 171 in 
which the irmer diameter part 171a was fixed to the arm top cover 106 has entered 
slightly inside space 1 52' by the fluid pressure in a fluid chamber. 
[0101]As shown in drawing 7 , when the ambient environment temperature of the optical 
element 250 rises and the 1st fluid 121 expands thermally, the capacity in a substantial 
fluid chamber increases only that volume increment because the sealing film 171 bends 
further inside space 152', and this volume increment is absorbed. 
[0102]On the other hand, as shown in drawing 8 , when the ambient environment 
temperature of the optical element 250 descends and the 1st fluid 121 carries out heat 
contraction, the capacity in a substantial fluid chamber decreases and a part for this 
volume decrease is absorbed because the sealing film 171 bends in the fluid chamber side 
from a space 152' side by that volume decrease. 

[0103]Therefore, it becomes possible to prevent the shape change of the interface 124 
with the 2nd fluid 122 by the thermal expansion and heat contraction of the 1st fluid 121, 
and change of optical power can also be prevented. 

[01 04] Thus, according to this embodiment, it is easy composition, and change of the 
optical power resulting from the volume change of the 1st fluid 121 accompanying a 
temperature change can be prevented, without moreover enlarging the optical element 
250. 

[01 05] Although this embodiment explained the optical element using the electro wetting 
effect, the temperature compensating structure explained by this embodiment is 
applicable to the optical element constituted by accommodating at least one kind of fluid 
in a container. 

[01 06] (A 3rd embodiment) The composition of the optical apparatus which consists of an 
optical element which is a 3rd embodiment of this invention, and a feeding control circuit 
is shown in drawing 9 . In this embodiment, about the component which is common in the 
optical element and feeding control circuit which were explained using drawing 20 and 
drawing 21 , drawing 20 and drawing 2 1 , and a same sign are attached, and it replaces 
with explanation. The C section in drawing 9 is shown in drawing 1 2 from drawing 10 . 
[0107]330 is the lower case (wall) formed in ring shape, and holds the 1st sealing plate 
302 to the inside diameter side. This lower case 330 is formed more nonconducing, and 
adhesion fixing is carried out to the electrode ring 303 in the state of fluid-tight. 
[0108]In the optical element 350 of this embodiment, a container is constituted by the 
lower case 330, the 1st sealing plate 302, the electrode ring 303, and the 2nd sealing plate 
306, and without mixing the 1st fluid 321 and 2nd fluid 322, the interface 324 is formed 
and it is accommodated in the fluid chamber in this container. 

[0109]The attaching part 330a holding the 1st sealing plate 302 is formed in the inside 
diameter side of the lower case 330, further, the above-mentioned attaching part 330a is 



adjoined, and the crevice 330b is formed in at least one place of the perimeter. 
[01 10]The amount of outside diameter side part of the 1st sealing plate 302 has extended 
from the above-mentioned attaching part 330a upper part to the crevice 330b upper part 
middle, it filled up with the adhesives 332 between a part for an outside diameter side 
part and the crevice 330b (bottom) of this 1st sealing plate 302, and it has sealed this 
portion in it. 

[01 1 l]And in the state where there is no sealing film 333 mentioned later, the opening of 
the space 331 except the adhesives 332 is carried out to a fluid chamber among the spaces 
in the crevice 330b. The space 33 1 is settled in the thickness of the lower case 330 
required originally. 

[01 12]333 is the sealing film formed in ring shape, and is formed for the same raw 
material as 1 st and 2nd embodiments. 

[0 1 1 3] As for the portion which has not countered the space 33 1 among the sealing fikns 
333, the whole surface is being fixed to the upper surface of the lower case 330, and the 
upper surface of the outer edge section 302a of the 1st sealing plate by adhesion etc. 
[01 14] As for the portion which counters the space 33 1 among the sealing films 333, a 
part for the outside diameter side part 333b is being fixed to the upper surface of the outer 
edge section 302a of the 1st sealing plate 302 for the inside diameter side portion 333a by 
adhesion etc. by the upper surface for the outside diameter side part 330c of the lower 
case 330, respectively. That is, the sealing film 333 has sealed and divided a fluid 
chamber and the space 331 mutually. 

[01 15]For this reason, the 2nd fluid 322 does not begin to leak from a fluid chamber in 
the space 33 1 , or air does not begin to leak from the space 33 1 to a fluid chamber. 
[01 16]Next, the temperature compensation function by the sealing film 333 and the space 
331 is explained using drawing 1 2 from drawing 10 . 

[01 17] As shown in drawing 1 0 . the sealing film 333 is in the state where it hardly enters 
in the space 33 1 , in the time of ordinary temperature. 

[01 1 8] As shown in drawing 11 , when the ambient environment temperature of the optical 
element 350 rises and the 1st fluid 321 expands thermally, the capacity in a substantial 
fluid chamber increases only that volume increment because the sealing film 333 bends 
inside the space 331, and this volume increment is absorbed. 
[01 19] On the other hand, as shown in drawing 12 , when the ambient environment 
temperature of the optical element 350 descends and the 1st fluid 321 carries out heat 
contraction, the capacity in a substantial fluid chamber decreases and a part for this 
volume decrease is absorbed because the sealing film 333 bends in the fluid chamber side 
by that volume decrease. 

[01 20] Therefore, it becomes possible to prevent the shape change of the interface 324 
with the 2nd fluid 322 by the thermal expansion and heat contraction of the 1st fluid 321, 
and change of optical power can also be prevented. 

[0121]Thus, according to this embodiment, it is easy composition, and change of the 
optical power resulting from the volume change of the 1st fluid 121 accompanying a 
temperature change can be prevented, without moreover enlarging the optical element 
350. 

[01 22] Apart from what was shown in drawing 9, it can be nonconducing, the electrode 
ring 303 and the lower case 330 can be unified, a resistor can be provided in the surface 
of the portion equivalent to an electrode, and temperature compensating structure can be 



similarly constituted in the optical element which formed the insulating layer 304 on the 
resistor further. 

[0123]Although this embodiment explained the optical element using the electro wetting 
effect, the temperature compensating structure explained by this embodiment is 
applicable to the optical element constituted by accommodating at least one kind of fluid 
in a container. 

[01 24] (A 4th embodiment) The example which applied the optical element 230 of a 1st 
embodiment of the above to the photographing instrument as an optical apparatus is 
shown in drawing 13 . The photographing instrument 550 of this embodiment is what is 
called a digital still camera that carries out photoelectric conversion of the still picture to 
an electrical signal with an image sensor, and records this as digital data. 
[0125]In drawing 13 , 540 is a photographing optical system (image formation optical 
system) which consists of two or more lens groups, and is constituted by the 1st lens 
group 541 , the 2nd lens group 542, and the optical element 230. 
[01 26] A focus is made by the attitude of the optical axis direction of the 1st lens group 
541 , and, as for this photographing optical system 540, zooming is made by the power 
change of the optical element 230. The 2nd lens group 542 is a relay lens group which 
does not move. 

[01 27] And the optical element 230 is arranged between the 1st lens group 541 and the 
2nd lens group 542, and the diaphragm unit 543 for changing a diaphragm opening 
diameter and adjusting the amount of photographing light is arranged between the 1st 
lens group 541 and the optical element 230. 

[0128]The image sensor 544 is arranged in the focal position (schedule image formation 
face) of the photographing optical system 540. Optoelectric transducers, such as two- 
dimensional CCD which consists of a charge transfer section which this transmits two or 
more photoelectric conversion parts which transform the irradiated light energy into an 
electric charge, the charge storage part which stores this electric charge, and this electric 
charge, and is sent out outside, are used. 

[0129]545 is a picture signal processing circuit, carries out the A/D conversion of the 
picture signal of an analog inputted from the image sensor 544, and performs image 
processing, such as AGC control, a white balance, gamma correction, and edge 
enhancement. 

[0130J55 1 is displays for indication, such as a liquid crystal display, and displays the 
object image acquired through the image sensor 544, and the operation situation of this 
photographing instrument 550. 

[013 1]552 is a main switch which starts CPU530 in the program execution state from 
sleeping. 

[0132]553a and 553b are the zoom switches by the side of the wide (W) side and a call 
(T), respectively, and the changing drive of the focal distance of the photographing 
optical system 540 is performed according to operation of these zoom switches by a 
photography person. 

[01 33]554 is operation switch groups other than the above-mentioned switch, and 
comprises a photographing condition configuration switch etc. which set up the time of a 
photography preparation switch, a photographing start switch, and a shutter second, etc. 
[0134]555 is a focus detecting device and what performs the focus detecting action of the 
phase-difference-detection type used for a single-lens reflex camera, the thing which 



detects the distance to a photographic subject using the principle of triangulation, etc. are 
used. 

[0135J556 is a focus driving circuit, performs focusing operation based on the focusing 
signal calculated with the focus detecting device 555 including the actuator and driver 
circuit which make the 1st lens group 541 move to an optical axis direction, and makes 
the photographing optical system 540 focus. 

[0136]557 is external memory and records the photoed picture signal. Specifically, a 
removable PC card type flash memory etc. are preferred. 

[013 71 Drawing 14 is a control flow chart which shows operation of CPU530 which the 
above-mentioned photographing instrument 550 has. Hereafter, operation of the 
photographing instrument 550 is explained using drawing 13 and drawing 14 . 
[0138]In Step SI 01, when not distinguishing and carrying out ON operation of whether 
ON operation of the main switch 552 was carried out, it will be in the state of the standby 
mode which waits for operation of various switches as it is. If it judges with ON 
operation of the main switch 552 having been carried out in Step SI 01, a standby mode 
will be canceled and it will progress to henceforth [ the following step S102 ]. 
[0139]In Step S102, setting out of the photographing condition by a photography person 
is received. For example, setting out of setting out (shutter priority AE, programmed AE, 
etc.) of exposure control modes, picture quality modes (size of a record pixel number, 
size of the rate of graphical data compression, etc.), strobe modes (prohibition on forced 
light emission and luminescence, etc.), etc., etc. is received. 
[0140]In Step SI 03, it is distinguished whether the W side zoom switch 553a was 
operated by the photography person. When ON operation is not carried out, it progresses 
to Step S104. When the W side zoom switch 553a is operated here, it shifts to Step S121. 
[0141]In Step S121, the control inputs (a manipulating direction, ON time, etc.) of the W 
side zoom switch 553a are detected, and the amount of focal distance changes 
corresponding based on the control input is calculated (S122). And in Step S123, the 
amount of impressed electromotive force to the optical element 230 is determined, the 
output voltage of the feeder circuit 13 1 is controlled by the result of an operation, and 
voltage is impressed to the optical element 230 (SI 24). And it returns to Step SI 02. 
[0142]That is, when the W side zoom switch 553a is continuing being operated, repeat 
execution of Step SI 24 is carried out from Step SI 02, and when the ON operation of the 
W side zoom switch 553a is completed, it shifts to Step SI 04. 
[0143]In Step S104, it is distinguished whether the T side zoom switch 553b was 
operated by the photography person. When ON operation is not carried out, it progresses 
to Step S105. When the T side zoom switch 553b is operated here, it shifts to Step S121. 
[0144]In Step S121, the control inputs (a manipulating direction, ON time, etc.) of the T 
side zoom switch 553b are detected, and the amount of focal distance changes 
corresponding based on the control input is calculated (S122). And in Step S123, the 
amount of impressed electromotive force to the optical element 230 is determined, the 
output voltage of the feeder circuit 23 1 is controlled by the result of an operation, and 
voltage is impressed to the optical element 230 (SI 24). And it returns to Step SI 02. 
[0145]That is, when the T side zoom switch 553b is continuing being operated, repeat 
execution of Step S124 is carried out from Step S102, and when the ON operation of the 
T side zoom switch 153b is completed, it shifts to Step SI 05. 
[0146]In Step SI 05, it is distinguished whether ON operation of the photography 



preparation switch (in the flow chart of drawina 14 , it is written as SWl) was performed 
by the photography person among the operation switch groups 554. When ON operation 
is not carried out, it returns to Step SI 02, and registration of photographing condition 
setting out and distinction of operation of the zoom switch 553 are repeated. If it judges 
with ON operation of the photography preparation switch having been carried out at Step 
S105, it will shift to Step Sill. 

[0147]In Step Sill, the image sensor 544 and the digital disposal circuit 545 are driven, 
and a preview image is acquired. A preview image is a picture acquired before taking a 
photograph in order to set up the photographing condition of the picture for the last 
record appropriately, and in order to make a photography person grasp photographing 
composition. 

[0148]In Step SI 12, the light-receiving level of the preview image acquired at Step Sill 
is recognized. In the picture signal which the image sensor 544 outputs, the output signal 
level of the highest, the minimum, and an average is calculated, and, specifically, the 
light volume which enters into the image sensor 544 is recognized. 
[0149]In Step SI 13, the opening diameter of the diaphragm unit 543 is adjusted so that 
the diaphragm unit 543 provided in the photographing optical system 540 may be driven 
based on the light income recognized at Step SI 12 and it may become proper light 
volume. 

[0150]The preview image acquired at Step Sill is expressed to the display for indication 
551 as Step SI 14. Then, in Step SI 15, the focus state of the photographing optical system 
540 is detected using the focus detecting device 555. Then, in Step SI 16, the 1st lens 
group 141 is made to move to an optical axis direction through the focus driving circuit 
556, and focusing operation is performed. 

[015 IJThen, it progresses to Step SI 1 7 and it is distinguished whether the ON operation 

of the photographing switch (in a flow chart, it is written as SW2) was made. When ON 

operation is not carried out, it returns to Step Sill, and repeat execution of the step from 

acquisition of a preview image to a focal drive is carried out. 

[01 52] As mentioned above, if a photography person does ON operation of the 

photographing switch in the midst of carrying out repeat execution of the photographing 

preparation operation, it will jump from Step SI 17 to Step S131. 

[0153]It picturizes at Step S131. That is, photoelectric conversion of the object image 

which carried out image formation on the image sensor 544 is carried out, and the electric 

charge proportional to the intensity of the optical image is accumulated in the charge 

storage part near [ each ] the light sensing portion. 

[0154]The electric chai'ge accumulated at Step SI 31 is read via a charge transfer line, and 
the read analog signal is made to input into the digital disposal circuit 145 in Step SI 32. 
[0155]In Step S133, in the digital disposal circuit 545, the A/D conversion of the inputted 
analog picture signal is carried out, image processing, such as AGC control, a white 
balance, gamma correction, and edge enhancement, is performed, and JPEG compression 
etc. are performed by the image compression program fiirther memorized in CPU530 if 
needed. 

[0156]Once eliminating a preview image at Step S135 at the same time it records the 
picture signal acquired at the above-mentioned step SI 33 on the memory 557, the picture 
signal acquired at Step SI 33 is anew expressed to the display for indication 551 as Step 
SI 34. Then, the feeder circuit 231 is controlled, the voltage impressing to the optical 



element 230 is turned off (SI 36), and a series of photographing operation is ended. 
[01 5 7] Although this embodiment explained the case where the optical element of a 1st 
embodiment was used, the optical element explained by a 2nd embodiment can also be 
used. 

[01 58] Although the digital still camera was taken and mentioned as an example of a 
photographing instrument in this embodiment, the optical element of this invention can 
be applied also to the various optical apparatuses provided with other photographing 
instruments and optical systems, such as a video camera and a film-based camera, 
without spoiling an effect. 
[0159] 

[Effect of the Invention] according to [ as explained above ] this invention ~ very easy 
composition ~ and the function which absorbs the volume change of the fluid 
accompanying a temperature change can be given to an optical element, avoiding 
enlargement of an optical element. 

[0160]If it is made to make the above-mentioned flexible member hold to the 
combination place of the member of these plurality when there is a combination place of 
two or more members which constitute a container near the above-mentioned space. The 
maintenance (further fluid-tight nature reservation of a combination place) with the 
container of a flexible member and an assembly of an optical element can be performed 
easily. 

[01 61] And if an optical element and a photographing instrument are constituted using the 
above optical elements, a compact optical element and photographing instrument are 
realizable. 

[Brief Description of the Drawings] 

[Drawing 1] It is a lineblock diagram of an optical element and a feeding control circuit 

which is a 1 st embodiment of this invention. 

[Drawing 2] It is an enlarged drawing of the A section in drawing 1 . 

[Drawing 3] It is a figure explaining the volume change absorption operation at the time 

of the thermal expansion of the fluid in the optical element of a 1 st embodiment of the 

above. 

[Drawing 4] It is a figure explaining the volume change absorption operation at the time 

of contraction of the fluid in the optical element of a 1st embodiment of the above. 

[Drawing 5] It is a lineblock diagram of an optical element and a feeding control circuit 

which is a 2nd embodiment of this invention. 

[Drawing 6] It is an enlarged drawing of the B section in dravviiig 5 . 

[Drawing 7] It is a figure explaining the volume change absorption operation at the time 

of the thermal expansion of the fluid in the optical element of a 2nd embodiment of the 

above. 

[Drawing 8] It is a figure explaining the volume change absorption operation at the time 
of contraction of the fluid in the optical element of a 2nd embodiment of the above. 
[Drawing 9] It is a lineblock diagram of an optical element and a feeding control circuit 
which is a 3rd embodiment of this invention. 

[Drawing 10] It is an enlarged drawing of the C section in drawing 9 . 

[Drawing 11] It is a figure explaining the volume change absorption operation at the time 

of the thermal expansion of the fluid in the optical element of a 3rd embodiment of the 



above. 

[Drawing 12| It is a figure explaining the volume change absorption operation at the time 
of contraction of the fluid in the optical element of a 3rd embodiment of the above. 
[Drawing 13] It is a lineblock diagram of the photographing instrument (optical 
apparatus) which is a 4th embodiment of this invention. 
[Drawing 141 It is a flow chart which shows operation of the above-mentioned 
photographing instrument. 

[Drawing 15 | It is a sectional view of the conventional optical element. 

[Drawing 16 l it is an explanatory view of operation when voltage is impressed to the 

conventional optical element. 

[Drawing 17] It is a related figure of the impressed electromotive force of the 
conventional optical element, and interface modification. 

[Drawing ISI Thev are the conventional optical element and an explanatory view of a 
feeding control circuit. 

[Drawing I91 lt is an explanatory view of the conventional feeding control circuit of 
operation. 

[Drawing 20 | Thev are other conventional optical elements and an explanatory view of a 
feeding control circuit. 

[Drawing 2 H it is an explanatory view of operation at the time of impressing voltage to 
other conventional optical elements. 
[Description of Notations] 

101 and 201,250,301,350 Optical element 

102 Transparent substrate 

103 Transparent electrode 
104,304 Insulating layer 

105 Package body 

150, 151,170,171,333 sealing films 

1 06 Arm top cover 
160 Upper case 

121.321 The 1st fluid 

122.322 The 2nd fluid 

123.323 Optic axis 

124.324 Interface 

125.325 Cylindrical electrode 
152,152' and 331 Space 

302 The 1st sealing plate 

303 Electrode ring 
330 Lower case 



